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Abstract 
As an essential parameter in the registration procedure of plant 
protection products it is required to evaluate the degradation of 
the active substance and its metabolites in the environment. Not 
only the route of degradation needs to be investigated, but also 
degradation rates for the active substance and its metabolites in 
the different environmental compartments are to be derived. 
These degradation rates are furthermore required as input para-
meters for subsequent calculation of predicted environmental 
concentrations. 
Metabolism studies with the ac tive substance generally yield 
good data to describe the formation and degradation of the 
metabolites as well. Advances in the development of suitable nu-
merical and statistical methods and the availability of these in a 
variety of software packages has made an important contribution 
to this field of work. These packages offer an accessible means 
to develop models and estimate relevant parameters. 
This contribution will attempt to propose a basic procedure for 
calcul ating degradation behaviour of plant protection products 
and their metabolites. Software independent criteria for the com-
prehensibility of the parameter estimation procedure will be dis-
cussed. The criteria will finally be illustrated using a specific data 
set as an example. Further work is planned to cover specific as-
pects. 
Key words: Degradation behaviour, ki netics, metabolites, 
modelling, parameter estimation, pesticides, soil 
Zusammenfassung 
Die Beschreibung des Abbauverhaltens in der Umwelt von 
Pflanzenschutzmittelwirkstoffen und deren Metaboliten ist ein 
wesentlicher Bewertungsendpunkt im Rahmen des Zulassungs-
verfahrens. Neben der Aufkliirung des Abbauwegs ist die Er-
m1ttlung von Abbauraten in den relevanten Umweltkomparti-
menten erforderlich. Die ermittelten Abbauraten sind dariiber 
hinaus Eingangsparameter fiir die weiterfiihrende Berechnung 
von vorhergesagten Umweltkonzentrationen. 
Prinzipiell sind Abbaustudien, die mit dem zu untersuchen-
den Wirkstoff durchgefiihrt wurden, sehr gut geeignet, um 
auch die Bildung und das Abbauverhalten von <lessen Metabo-
liten zu beschreiben . Die Entwicklung entsprechender nume-
risch-statistischer Methoden in ji.ingerer Zeit und deren allge-
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meine Verfiigbarkeit in einer Vielzahl von Softwarepaketen 
leistete dazu einen wichtigen Beitrag. Letztere bieten in ein-
fach zuganglicher Weise die Moglichkeit der Modellbildung 
und Parametersch~itzung. 
Der vorliegende Beitrag versucht daher, VorschHige fiir die 
prinzipielle Vorgehensweise sowie, unabhangig von spezieller 
Auswertesoftware, Kriterien zu erarbeiten, anhand derer die 
Nachvollziehbarkeit derartiger Parameterschatzung zum Abbau-
verhalten von Pflanzenschutzmittelwirkstoffen und deren Meta-
boliten gewahrleistet wird. SchlieBlich werden diese Kriterien 
anhand eines Datensatzes illustriert. Spezifische Aspekte werden 
in einer separaten Veroffentlichung behandelt. 
Stichworter: Abbauverhalten, Kinetik, Metaboliten, Modellie-
rung, Parameterschatzung, Pflanzenschutzmittel, Boden 
1 Introduction 
As part of the evaluation of metabolism studies, the calculation 
of formation and degradation rates for metabolites is often supe-
rior to individual studies with these metabolites. Various soft-
ware tools are available and can be used for that purpose and dif-
ferent evaluation philosophies can be fo llowed. This evaluation 
strategy may for example consider justifiable simplifications in 
the degradation model or reaction kinetics depending on the sub-
sequent use of the resulting parameters (e.g. calculation of pre-
dicted environmental concentrations (PEC), input for FOCUS 1 
leaching models). 
Therefore, the essential prereq uisite for the evaluation of such 
experiments and the comparability of obtained results is a sensi-
ble evaluation strategy, whereas the choice of the actual software 
tool from different available and basically suitable tool s is of mi-
nor importance. 
This paper is intended to facil itate the comparability and re-
producibility of such evaluations of metabolism studies and ki-
netic calcul ations. Its focus is the eva luation of soil degradation 
studies conduc ted in the laboratory or under fie ld conditions, and 
an example for the evaluation and reporting of this type of stud-
ies is presented here. As such, it is seen as a supplement to exist-
ing documents on modelling and PEC calculations in the regula-
tory context e.g. from FOCUS. 
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2 Materials and Methods 
The procedure of deriving formation and degradation rates of 
metabol ites from degradation experiments is usually an iterative 
process and involves several steps, wl1ich are outlined in the fol-
lowing sections. 
The starting point for this process is the characterisation of the 
inpu t data. Subsequently, a conceptual model will be developed 
and described according to the objective of the evaluation. Fi-
nally, the model will be fitted to experimental data using an ap-
propriate numerical method . As a result of the fi tting process pa-
rameter values are estimated and statistical criteria are calculated 
which allow for critical review of the origi nal model assump-
tions . 
2. 1 Input data 
Ex perimental results of soil metabolism studies can be used for 
the evaluation of parent and metabolite kinetics. In this case, 
characteristics of the study conditions of the experiment for 
which parent and metabolite kinetics are to be evaluated should 
be described by the following parameters: 
• Initial concentration of the active substance 
• Temperature 
• Soil moisture 
• Soil properties (soil type, texture, OC contents, pH value, etc) 
• Study duration 
• Number of sampling points 
• Number ofreplicate samples per time point 
As far as available from the documentation of the degradation 
study, the quality of the experi mental data should be described 
and the extent of rel ative or absolute measurement errors as welt 
as detection and determination limi ts should be given. An appro-
priate error model is to be used in the kinetic evaluation based on 
thi s information, i.e. measurement data points should be 
weighted to reflect the kind of measurement inaccuracy (relative 
or absolute error in measurement). 
fn cases where it is not possible to clearly determine to what 
degree a relative or an absolute measurement error prevails, 
weighting should be optimised by the evaluation program. 
With the help of suitable statistical tests (e.g. Nalimov test 
(NALI MOY, 1963)) outliers can be identified. Such values should 
then be excluded from the evaluation. 
2.2 Model description 
A conceptual model has to be developed which is usually closely 
related to the metabolism scheme of a compound, as shown in 
Fig. l and 2. This conceptual model and the subsequent evalua-
tion process , however, may well be tailored to serve certain pur-
poses and answer certain questions, e.g . the estimation of para-
meters to be used in simulation models. 
It is therefore crucial to clearly describe the problem and cor-
responding model as well as special requirements to the parame-
ters that need to be taken into consideration depending upon the 
further utilisation (e.g. degradation kinetics fo llowing only 1" or-
der). 
It may be necessary to simpli fy evaluation schemes when in-
put data for further use in leaching models (e.g. PELMO) are to 
be generated. In this case, monophasic I'' order degradation ki-
netics are preferable. Again, these assumptions are to be de-
scribed and justified within the evaluation report. 
Process description 
The conceptual model used for the evaluation should represent 
all relevant processes taking place in the respective metaboli sm 
study. The model description should include: 
• Characterisation of the system undet investigation including 
all phases (e.g. liquid and solid phases) as well as faetors of in-
flu ence (constant or vari able swdy conditions) 
• All measured substances (appl ied substance and metabolites) 
• Transformation kinetics between the si.1bstances 
• Transi tion between the phases of the system (e.g . adsorption/ 
desorption ), as far as applicable 
All processes that are implemented in the evaluation model 
should be justified. Especially the transformation between the 
parent compound and the metabolite as well as transitions of the 
indi vidual substances between phases must be logical from a 
metabolic, (bio-)chemical and physical point of view. 
Plausibility check 
As the firs t step of the <tssessment and prior to the quantitative 
evaluation, the model should undergo a plausibility check. A dif-
fe rentiation can be made between scientific and mathematical-
statistical plausibility. 
From a scientific view, the evaluation model is considered to 
be valid if 
• The model correctl y reflects all causalities required under 
chemical or microbiological aspects (e.g. for thermodynamic 
reasons it is usually wrong to postulate the spontaneous for-
mation of a parent compound from its mineralisation prod-
ucts); 
• The kinetics implemented in the evaluation model are in line 
wi th scientific concepts (e.g. the reaction rate constant of mi-
Register: 
Description: 
Input date: 
Operator: 
Excel file 
Data from study (Code): 
Parent: 
Metabolite(s): 
Main View 
July 231h 1998 
Anonymous 
example 
Test begin: April 1994 
Statistical Program: Model Maker Version 3.03. 
Publisher: Cherwell Scientific Publishing Ltd., 
Oxford. United Kingdom 
Author: Andrew Walker 
ModelMaker lile(s): example 
Description of the Optimization Process: 
-All possible transfer rates between the different compartments 
were estimated initially 
-The initial value of the parent was estimated 
(start value d1 = 100 [%of applied]) 
-The initial value of the metabolites was set to 0 [% of applied] 
-The start value of the transfer and transformation parameters 
was 0.01 [1/days] 
Table of register: 
-Main View 
-model of degr 
-raw data 
-report 
-statistics 
-results 
-grafic 
Fig. 1. Example Report - Main View. 
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Register: model of degradation 
Description: 
Input date: July 231h 1998 
Operator: Anonymous 
Excel file example 
C2_metabolite 
Model equations: 
dC1/dt = -F12 - F13 
dC2/dt = F12 - F23 
dC3/dt = F13 + F23 
C1_parenl 
F13 
F23 
F12= k12' C1 
F13 = k13' C1 
F23 = k23' C2 
C3_E lim ination_ Compartment 
Description of the Optimization Process: 
- All possible transfer rates between the different compartments were 
estimated initially. 
- The initial value of the parent compartment was estimated 
(start value d1 = 100 [%of applied]) 
- The inital value of the metabolite compartment was set 
to 0 [% of applied] 
- The start value of the transfer and transformation parameter k12, 
k13 and k23 was 0.01 [1/days] 
Optimization Configuration: 
Constraint Range: 
Default Data Error: 
Initial Lambda: 
Convergence Change: 
Fractional Change: 
Minimum Change: 
Retry Count: 
100000000 
0.1 
0.1 
0.1 
0.001 
1e-200 
5 
Fig. 2. Example Report - Model Description. 
crobial processes may be concentration-dependent whilst 
purely chemical processes may not); 
• No scientifically invalid values occur (e.g. negative concen-
trations); 
• The mass preservation of all substances involved is ensured. 
From the mathematical-statistical viewpoint a model is plausi-
ble if it reflects measured data in their essence. This can be as-
sessed e.g. with the help of a graphic comparison between meas-
ured and modelled data. 
It may be necessary to modify the originally complex and 
complete model if individual parameters do not make a signif-
icant contribution to the fitting of the model to the experimen-
tal data, i.e. the model is found to be over-parameterised. 
However, any changes to the original model in the course of 
data evaluation and simplifications must be reasonable and 
scientifically justified. 
To simplify the model and to focus on the most important 
processes, substances may be combined into one compartment if 
this seems justified. In any case, the number of parameters and 
transition paths should be kept as small as possible to allow a re-
liable estimate of kinetic parameters with a limited number of 
data points. 
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Metabolism scheme and graphic description 
In addition to the process description of the model, it is useful to 
describe the evaluation scheme in a graphical format, namely as 
a compartment model with transition paths between the individ-
ual substances and phases. 
All relevant model assumptions should be graphically repre-
sented and clearly named, allowing their identification in the sta-
tistical evaluation (see Fig. 2 and 3). 
Compartments, which are not connected with experimental 
data, are to be labelled appropriately. 
2.3 Evaluation 
The purpose of the evaluation of degradation studies is to ade-
quately describe experimental data with the help of the concep-
tual (compartment-) model and to derive - on the basis of the re-
spective measured values - degradation rates and half lives for 
the individual measured substances. Basically, the following 
problems arise: 
• Translation of the conceptual model into a mathematical 
model, i.e. elaboration of a differential equation system; 
• Solution to the mathematical problem, i.e. solving the differ-
ential equations; 
• Estimation of the free parameters from the measured values 
using suitable numerical methods. 
Several software packages are available to fully or partly deal 
with these issues. Among those, at present TopFit, ModelMaker 
and ACSL are widely used programs (brief characterisation and 
comparison of these tools presented in chapter 4 ). However the 
use of other programs is conceivable, too. It should always be 
stated in the documentation of the evaluation, which tools were 
used and - as long as this information is not available in general 
literature - the basic principles of these tools should be de-
scribed. 
The mathematical implementation of the conceptual model 
principally results in a system of differential equations, which 
describe the degradation or formation of the substances included 
in the experiment. The mathematical model should be docu-
mented and explained so that the functional connections between 
conceptual and mathematical model become apparent. 
Register: 
Description: 
Input date: 
Operator: 
Excel file 
raw data 
July 231h 1998 
Anonymous 
example 
t [days] C1 _parent C2 metabolite % of a lied % of a lied 
0 97.8 0.0 
3 88.1 1.6 
7 85.5 4.5 
14 67.5 11.8 
28 58.9 20.2 
62 24.0 37.9 
90 17.4 40.9 
181 2.5 28.0 
272 1.5 22.6 
358 1.0 19.2 
Fig. 3. Example Report - Raw Data. 
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Register: report 
Description: 
Input date: July 23'" 1998 
Operator: Anonymous 
Excel file example 
Optimization 
Model: exampleaerobBoden.mod 
Method: Marquardt 
Initial 
Value: 
Initial 
Value: 
Initial 
Value: 
Initial 
Value: 
d1=100 
k12 = 0.01 
k13 = 0.01 
k23 = 0.01 
------------omitted for convinience-------------------------------
Optimized d1 95.78 Value 
Optimized k12 1.189E-02 Value 
Optimized k13 8.132E-03 Va!ue 
Optimized k23 4.065E-03 Value 
The convariance matrix for the parameters is: 
d1 
k12 
k13 
k23 
0.388 
-2.53E-05 
1.58E-04 
-3.76E-05 
6.91E-08 
-5.71 E-08 1.99E-07 
3.25E-08 -7.33E-08 
The correlation matrix for the parameters is: 
d1 1 
k12 -0.155 
k13 0.568 -0.487 
k23 -0.287 0.587 
The final value for WSS is 139.47 
Model: 
Residual: 
Total: 
r2: 
DoF 
3 
16 
19 
0.991 
wss 
15537 
139.47 
15676 
1 
-0.78 
MS 
5178.9 
8.7166 
± 
± 
± 
± 
4.43E-08 
F 
594.14 
0.6225 
2.629E-04 
4.465E-04 
2.104E-04 
p 
< 0.001 
Fig. 4. Example Report - Report of Parameter Estimation. 
In a system of differential equations, solutions can be found 
analytically or numerically. An analytical solution is possible for 
linear differential equations whilst non-linear differential equa-
tions can usually be solved only with numerical methods. A fre-
quently used analytical method is the Laplace Transformation 
(implemented in TopFit); numerical algorithms such as Runge-
Kutta or Euler (implemented in ModelMaker) are also widely 
used. Available software products have usually implemented one 
or more of these established algorithms. It should be documented 
in the evaluation report, which method was used for the solution 
of the differential equations. 
One important result of such evaluations is the parameter esti-
mation, i.e. rates for transition, formation and degradation ki for 
the various reaction steps but also initial concentration, coeffi-
cients for temperature and moisture dependencies or other fac-
tors affecting the reactions. 
Degradation tests carried out to focus only on the applied sub-
stance have frequently been evaluated by way of linearisation 
(e.g. logarithmisation) and linear regression. This approach has 
the disadvantage of a relatively high weighting of low/late meas-
ured values. Moreover it cannot be used for complex degradation 
models which include metabolites. Since computational limita-
tions have been overcome, this method is normally not recom-
mended anymore unless the experimental design suggests other-
wise (BEULKE and BROWN). 
In the case of complex models, the parameters have to be esti-
mated with non-linear regression methods, using the solutions of 
the system of differential equations. In particular the method af-
ter Levenberg-Marquart has been found suitable. 
Important and decisive factors for the parameter estimation 
process and its results are: 
• Starting values for the individual parameters (e.g. initial con-
centration c0 fixed to 100 % of applied material (for e.g. labo-
ratory) or variable (for e.g. field experiment)) 
• Parameter constraints (admissible value range) 
• Weighting of the individual data points 
These factors should be documented in order to ensure that the 
parameter estimation is comprehensible. However a critical 
check of plausibility and quality of results should always be 
made to guarantee that the estimate is an optimal solution to the 
given problem. 
2.4 Results of the estimation 
The course of action in the analysis of data from soil metabolism 
studies is described in the preceding chapters. Summing up, a dif-
ferentiation can be made between the following steps: 
• Collection and, if necessary, reduction of measured data; 
• Choice of a suitable model to describe the data; 
• Fitting of the model to the data. 
During the model fitting, estimated values for the parameters 
of the model - i.e. transformation rates - are obtained. This 
chapter explains what needs to be taken into account in the 
description and interpretation of the estimated parameters (see 
Fig. 4 to 7). 
In the interpretation and assessment of the estimated parame-
ters it can be differentiated between qualitative plausibility 
checks and quantitative statistical tests, however, the overall 
quality of the model fit and parameter estimation can be assessed 
only by looking at the different qualitative and quantitative 
checks as a whole. Judgement based on a single discrete statisti-
cal parameter is often not possible. 
Register: statistics 
Description: 
Input date: 
statistical results out of register report 
July 23'h 1998 
Operator: Anonymous 
Excel file example 
Test of the whole model: 
r2 
0.991 
F-value 
594.1 
Test of the single parameters: 
Parameter 
Parameter Value 
d1 95.78 
k12 1.189E-02 
k13 8.132E-03 
k23 4.065E-03 
Probability 
< 0.001 
Standard 
Deviations 
0.6225 
2.629E-04 
4.465E-04 
2.104E-04 
The correlation matrix for the parameters is: 
d1 
k12 -0.155 
k13 
k23 
0.568 
-0.287 
-0.487 
0.587 
Degrees of 
Freedom 
16 
I-Value 
153.9 
45.2 
18.2 
19.3 
-0.78 
Fig. 5. Example Report - Statistical Results. 
Probability 
<0.001 
<0.001 
<0.001 
<0.001 
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Register: 
Description: 
Input date: 
Operator: 
Excel file 
results 
July 231h 1998 
Anonymous 
example 
Half life= ln(2) I sum of single flowrates 
Half life (parent)= ln(2) I (k12 + k13) 
Half life (metabolite)= ln(2) I k23 
DT 90 = ln(10) I sum of single flowrates 
DT90 (parent)= ln(10) I (k12 + k13) 
DT90 (metabolite)= ln(10) I k23 
Half life DT90 
[d] [d] 
parent 34.6 115.0 
metabolite 170.5 566.4 
Fig. 6. Example Report - Results. 
Qualitative aspects in the assessment of results are discussed 
in section 2.2. In the following, the most conventional statistical 
methods are described in their conceptual form. An important 
point is that implausible or insignificant modelling results should 
be revised, and further analyses should be carried out. 
Estimated values for parameters 
The estimated model parameters are to be described in such a 
way that 
• Consistent names are used throughout the report; 
• In addition to numerical estimated values also dimensions 
should be stated (e.g. 0.73 d-1). 
Statistical assessment of the entire model and 
parameters 
Besides the qualitative check of modelling results, a statistical 
assessment is necessary. Methods and report of the results vary 
significantly between the different evaluation programs. To be 
able to interpret the results obtained, the users must have a basic 
understanding of statistical working methods which are available 
in a wide range of appropriate textbooks. 
The following part of this document focuses on conceptual and 
interpretational aspects and less on technical aspects of statisti-
cal methods. 
Statistical review of the entire model 
A quantitative plausibility check can show whether the selected 
model as a whole supplies a valid description of measured data. 
Statistical tests, which are used for this purpose, test the null 
hypothesis: "The correlation coefficient between modelled and 
measured values be zero" against the alternative hypothesis 'The 
correlation coefficient be different from zero". Widely used test 
methods are the F-test or the t-test. Computer programs used for 
model fitting should provide either an F-value or at-value or the 
basis for their calculation. Then the significance of the model can 
be looked up from available tables, resorting to F-statistics or 
t-statistics. A model with a significance of more than 95 % is gen-
erally thought acceptable. 
The following statistical parameters should be reported in the 
evaluation documentation: 
• Number of available and used measurement values; 
• Correlation coefficient; 
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• F-value or t-value; 
• Level of significance. 
Experience has shown that these tests are not very critical, and 
even at low correlation coefficients of the model significant re-
sults are obtained. In particular they do not allow statements as 
to whether the selected model is over-parameterised and possi-
bly requires simplification. In order to answer this question, the 
significance of the individual parameters should be checked. 
Statistical review of individual parameters 
In order to decide which parameters contribute to the model, it is 
useful to check each model parameter for significance and pos-
sibly eliminate parameters from the model. In principle this is 
done using again the F-test o.r t-test. Both tests are a function of 
the proportion of the estimated parameter value to the standard 
error of the estimate. 
In many available programs, methods to test the significance 
of individual parameters are not implemented, and only standard 
errors in the estimate are given. The relevant significance can 
then be looked up from tabulated F- and t-distributions. 
The final model should normally not include parameters with 
significance of less than 95 %. Moreover the standard deviation 
of parameters can allow for conclusions regarding their respec-
tive reliability. For example, if standard deviations are greater 
than the parameters themselves, these parameters should not be 
used. 
The evaluation report should contain information about the 
following factors for each individual model parameter: 
• F- or t-value and 
• Level of significance. 
• If applicable, standard deviation. 
Moreover statements on the used objective function are to be 
made. 
If the statistical evaluation indicates that the entire model or 
individual parameters are not significant, it might be necessary 
to revise the model (cp. Section 2.2). 
3 Example 
The included Figures 1-7 are to serve as a possible example of a 
test evaluation and a report of a soil metabolism study. 
Register: gralic 
Description: 
Input date: July 23th 1998 
Operator: Anonymous 
Excel file example 
Degradation in soil 
100.0-. 
-· 
lime [days] 
-•C1~paren! ----•C2_metabolite 
Fig. 7. Example Report - Graphical Presentation. 
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4 Comparison of evaluation tools (TOPFIT 2.0, ModelMaker, ACSL Optimize) 
General characteristics 
Expandability of the 
developed model 
Methods 
Choice in the method of 
parameter estimate 
Weighting of residuals 
Weighting of individual 
data points 
Weighting of data series 
Dependence of result on 
starting parameters 
Statistical information 
Sensitivity analysis 
Handbooks 
TOPFIT 
PC program (DOS) for kinetic 
modelling,originally developed in 
pharmacokinetics. Very robust, 
relatively easy and fast to learn 
and operate 
Limited 
There are some predefined models 
(i.a. Michaelis-Menten kinetics) or the 
possibility to develop own models 
which are, however, limited to linear 
differential equations of the 1 st order 
Solution of equation system with 
eigenvalue/eigenvektor methods 
Regression with a combination of the 
Marquardt method and direct search 
Target function: WSS (weighted sum 
of squares) 
None 
4 weighting functions available: 
w1 (y) = 1 (absolute weighting) 
w2(y) = 1/y 
w3(y) = 1/y2 (relative weighting) 
w4(y) = 1/sqrt(y) 
Each data point is given a 
weighting between O and 1 
Possible 
Relatively low 
Determination coefficient r2 for each 
data set and the entire system 
Sum of squares and WSS 
Residuals (absolute and relative) 
ANOVA - values for each individual 
data set and the entire model 
Correlation matrix 
Akaike test 
Schwarz test 
Imbimbo test 
Area under the curve (AUC) 
Time Center of Gravity (TCG) 
Not possible 
Detailed users manual (English) 
Derivation of equation systems and 
solutions for the predefined models 
Significance of statistical parameters 
is explained only briefly or not at all 
Model Maker 
Windows-based program for 
modelling and parameter eptimate 
of the most different problems 
and in many fields. 
Highly flexible use Easy to learn 
and to operate, ,,intuitive" graphical 
user interface 
Good 
Highly flexible models can be 
developed, also including 
differential equations of higher 
orders and further functional 
relationships, e.g. dependence 
on temperature or humidity 
Numerical integration (different 
algorithms possible) 
Regression according to the 
Marquardt method or Simplex 
Target function: WSS/least squares 
WSS or least squares 
Method to be determined prior to the 
estimate 
The number of convergent steps as 
termination criteria is variable 
Absolute or relative weighting 
possible 
Not possible 
High 
r2 
WSS (weighted sum of squares) 
ANOVA - values for the entire model 
Correlation matrix 
Covariance matrix 
Possible 
Easily understandable, relatively 
short users manual explaining 
the methods used 
Detailed examples 
ACSL OPTIMIZE 
Complex program for simulation 
and parameter estimate in a 
variety of different fields, mainly 
in process technology Suitable 
for use on different platforms, 
Windows version available 
Extremely high flexibility 
presupposes good knowledge 
of users (computer system, 
numeration, programming) 
Good 
see ModelMaker 
Numerical integration 
Regression according to Nelder-
Mead Simplex or Generalised 
Reduced Gradient Method 
Target function: WSS 
Possible 
Choice of algorithm depends on 
the number of parameters to be 
estimated and can be done 
manually or automatically 
Relative, absolute or suitable 
mean weighting (hetero-
scedacity parameter) 
Weighting can be determined 
manually or optimised 
automatically 
Possible 
High 
Residuals (absolute and relative) 
ANOVA - values for individual 
data sets and the entire model 
Correlation matrix 
Covariance matrix 
Eigenvalues are not calculated 
calculated by theprogram 
Possible 
Several manuals from which the 
necessary information must be 
gathered 
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